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0 Collimator for a linear electron accelerator. 

® A collimator for defining a radiation field of a 
high energy beam (1) emitted by a source along a 
beam axis (4). The collimator comprises two pairs of 
jaws. One pair of jaws (13. 14) is disposed on top of 
the other pair (16. 17) and staggered by 90"' against 
it so that a closed passageway for the beam is 
defined. Each jaw has an outer (18, 19, 21, 22) and 
an inner part (23, 24. 26). The inner part is inserted 
in the outer part and rotatabte such that its inner 
surface, which defines one sidewall of the passage- 
way, is tilted against the beam axis (4). The jaw is 
laterally shiftable. and both motions are coordinated 
so that when the jaw moves, its sidewall-defining 
surface is always aligned with the geometric diver- 
gency of the beam (1). 
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BACKGROUND OF THE INVENTION 



The invention relates to a collimator for high 
energy beams. In particular, it relates to a collima- 
tor for defining a treatment field for a linear elec- 
tron accelerator (LINAC) used in radiotheraphy. 

In a typical electron accelerator, as described 
for instance in U.S. Patent 4,343.997, four movable 
jaws define a closed passageway for the beam. 
Each of these block-like jaws is "focused", that is, 
its inner surface is aligned with the geometrical 
beam divergency and can be moved along a 
curved path so that the cross-section of the pas- 
sageway may be adjusted while the inner jaw sur- 
face alignment remains undisturbed. To avoid radi- 
ation leaks between adjacent jaws, the system is 
divided into pairs of opposite jaws positioned on 
top of each other along the beam axis. Such a 
structure allows different field sizes and provides 
field boundaries which are blurred only because 
the source is usually not punctlform but extended. 
The collimator requires, however, sufficient clear- 
ance between the two jaw pairs; it is thus very 
extended along the beam axis, and the half shad- 
ows (= penumbras) defined by the different jaws 
pairs vary significantly from each other. 

If the jaws are moved transverse to the beam 
axis, as described for instance in U.S. Patents 
4,198,570 or 4.467.197, the overall length and the 
asymmetry in the field margin can be reduced. 
However, there is only one position in which the 
jaws are ideally focused. 

To reduce the impact of the jaw position on the 
penumbra German Offenlegungsschrift 33 11 870 
suggests to provide the transversely shiftable jaw 
with a convex beam defining surface so that the 
passageway for the beam is flared out. This way 
the beam is tangent to the curved surface and 
moves downstream when the jaw is shifted away 
from the beam axis. In practice, the field margin is 
still related to the diameter of the area; it becomes 
broader with decreasing field size, which is espe- 
cially troublesome. 

Canadian patent 576.973 teaches a collimator 
which is compact and produces field boundaries 
which are not only symmetrical but which are well- 
defined for a variety of different field sizes as well. 
In this structure, each block is replaced by a stack 
of laterally movable plates spaced apart from each 
other. The stacks are nested within each other to 
form the required passageway. To support the 
movable plates, their structure is interleaved with a 
similar structure with fixed bars. Each plate slidably 
on one of these bars, and all plates of opposite 
stacks are movable in a coordinated manner so 
that the length ratio of the treatment field may be 
varied, with the passageway kept focused. So far. 



this concept has not been commercialized, appar- 
ently because the moving means are relatively 
complicated and must overcome high frictional 
forces. 

5 In all of the above-mentioned collimators, the 

penumbra is a function of the field size and cannot 
be varied- For specific applications, however, freely 
trimmable field margins would be desirable. A 
prominent example is a multi-field treatment, where 

10 several radiation fields are added to cover a very 
large target volume. Here, detrimental intensity 
fluctuations on the suture points between adjacent 
fields can best be curbed, if there is an overlap 
between neighboring fields having a proper inten- 

75 sity distribution in the joined region (see, for exam- 
ple, "Strah!entherapie*\ 156 (1980) p. 115 to 119). 

It is an object of this invention to provide a 
collimator which is capable of producing fields with 
variable sizes and sharply focused boundaries. 

20 It is another object of this invention to provide 

a collimator for creating an irradiation field whose 
margin has at least an approximately constant 
width around the perimeter of the treatment field. 
It is a further object of this invention to provide 

25 a collimator which is compact. 

It is still a further object of this invention to 
provide a collimator whose movable parts" may be 
actuated with relatively small forces. 

It is yet another object of this invention to 

30 provide a collimator with a simple mechanism for 
shifting its movable parts. 

It is a further object of this invention to provide 
a collimator for generating treatment fields with 
variable sizes and adjustable margin zones. 

35 It is still a further object of this invention to 

provide a collimator for confining rectangular treat- 
ment fields whose straight margin sections maybe 
be adjusted independently from each other. 

It is yet another object of this invention to 

40 improve upon known collimators of this type. 



SUMMARY OF THE INVENTION 

45 The invention is directed to a collimator for 

defining the radiation field of a high energy bearr- 
emitted by a source along a beam axis. The col- 
limator has two pairs of jaws which lie in two 
different planes perpendicular to the beam axis. 

50 The jaws of each pair are opposite to each other 
across the beam axis, and the jaws of different 
pairs are 90° apart from each other with respect to 
the beam axis. Each jaw consists of an outer and 
an inner part. The inner part is rotatable around an 
axis orthogonal to the beam axis and has a plane 
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surface forming a sidewal! of a passageway for the 
high energy beam. Upon rotation of the inner part, 
the sidewail is tilted so that it becomes more or 
less dive-rgent from the beam axis. The collimator 
fs further provided with means for shifting each jaw 
towards and away from the beam axis and means 
for rotating the inner part of each jaw. 

A collimator according to the invention can 
define an irradiation area having borderlines which 
are narrow at different sizes as well as in both main 
axes of the field. The arrangement is compact so 
that, if one substitutes a jaw system according to 
the invention for a conventional collimator with 
swinging jaws, more space between the beam 
source and the jaws is available and the quality of 
the beam boundary is improved. 

According to one aspect of the invention, the 
shifting means are synchronized with the rotating 
means such that if the outer part is moved laterally, 
the associated inner part is automatically rotated 
into a position, where its sidewall-defining surface 
is focused. Preferably, the outer part is dnven by a 
spindle mechanism, while the inner part is pivoted 
in Its rotational avs by arms mounted on the asso- 
ciated outer part. It is rotated by a lever having its 
one end eccentncally fixed to the inner part and its 
other end guided along a straight line. 

In case the shifting means and rotating means 
for each jaw are decouples, the penumbra may be 
varied at different field sizes. If further the shifting 
means for different outer parts as well as the 
rotating means for different inner parts operate 
independently, different field formats with individual 
margins along different field edges may be gen- 

In a preferred embodiment the inner part is a 
partial cylinder, i.e. a cylinder lacking a segment 
cut away along a chordal plane; this tangential 
surface defines the sidewail. The partial cylinder is 
inserted in a matched receptacle of the associated 
outer part. This way both parts form a solid plate- 
like block whose absorption characteristics for the 
high energy beam is independent of the jaw posi- 
tion. 



BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows in a schematic sideview the 
beam bending and defining part of a LINAC con- 
taining a first embodiment of the invention; 

Fig. 2 is a sideview of the embodiment of 
Fig. 1. shown in more detail: 

Fig. 3 shows from the embodiment of Fig. 1 
another sideview, the line of sight being marked by 
an arrow in Fig. 2; and 

Fig. 4 shows from another embodiment one 
jaw. in a sideview. 



DETAILED DESCRIPTION OF PREFERRED EM^ 
BODIMENTS 

For the sake of clarity, some parts of the jaw 
5 system have been omitted. Throughout the draw- 
ings, corresponding elements are referred to by 
like numerals. 

Fig. 1 shows from a LINAC which can be 
operated in an electron mode, the beam bending 
10 and defining system. 

An electron beam 1 leaving an accelerating 
wave guide (not shown) is diverted into a circular 
path in a bending magnet 2 and emitted through a 
window 3 along an axis 4. The beam then strikes a 
15 first scattering foil 6. passes through a passageway 
7 defined by a shielding block 8, and hits a second 
scattenng foil 9. Thereafter, it is sent through an 
electron dosage member 11 and finally through a 
jaw system 12. 
20 This system, which is depicted in Figs. 2 and 3 

in more detail, contains four jaws which are 
grouped in two pairs around the beam axis 4. The 
jaws of the first pair, referred to by numerals 13, 
14. extend in a first plane perpendicular to the 
25 beam axis on opposite sides thereof. The jaws of 
the second pair, designated with numerals 16. 17 
are arranged in a second plane perpendicular to 
axis 4 and again opposite to each other with re- 
spect to this axis; however, jaws of different pairs 
30 are staggered by 90 with respect to the beam axis 
4. Each jaw is composed of two parts, an outer part 
18. 19. 21, 22 and an inner part 23, 24, 26. The 
inner part is shaped as a semi-cylinder provided 
with a plane surface 25 and received in a matching 
35 recess 27. 28. 29 of the outer part. The diameter of 
the semi-cylinder corresponds to the width of the 
outer part so that both parts form a plate without 
any cavities which could weaken the beam char- 
acteristics of the jaw. 
40 Each jaw is disposed between two guiding rods 

31 32, 33. 34 which are parallel to each other and 
perpendicular to the beam axis 4. The arrangement 
is such that the jaws of one pair share a pair of 
parallel guiding rods. At its sides adjacent the 
45 guiding rods each outer part has a set of rolls 36. 
37; 38 39. 40; 41, 42; 43. 44; 46. 47; 48. 49. The 
rolls of each set encompass a guiding rod so that 
each jaw can glide along a rod axis. Each jaw has. 
as can be seen fronn Fig. 2 and 3. a pair of rolls at 
50 one side and a roll triplet at the other side. Such an 
arrangement allows relatively high tolerances in the 
position and orientation of the rolls as well as the 
rods. 

Each roll is fixed to its outer part by means ot 
55 a bolt 51, and the bolts of each set of rolls are in 
turn kept in place by a plate 52. 53, 54. 56. 57. 58. 
This plate serves also to carry a block-like clamp 
59 This ciamp contains a nut 61 which is threaded 
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on a spindle 62, thus providing a drive nnechanism. 
If the spindle is rotated, the jaw nnoves along its 
associated guiding rods. Rods and spindles are 
secured in sidewalls 63, 64. 66 of a frame sur- 
rounding the jaw system. 

The inner part of each jaw is rotatably attached 
to its associated outer part by spnngs from which 
only spnngs 67, 68 at one side of outer part 18 are 
depicted. Each semi-cylinder can be turned around 
an !- 'is through its center of curvature which- is 
referred to by numeral 69 for outer part 18. To this 
end, a lever formed as a three-cornered plate 71, 
72 is attached-via two bolts 73 each extending 
through a corner of plate 71. 72 - ton one of the 
front sides of the semi-cylinder. The third corner of 
plate 71, 72 is provided with a pin 74 which ex- 
tends parallel to the rotational axis of its associated 
inner part and glides in an elongated straight slot 
76 extending transversely to the same axis. This 
slot, which is placed in the adjacent lateral 
framewali. is tilted against the beam axis 12 so that 
when the jaw is moved away from axis 4 its 
sidewaM-defining surface remains adjusted to the 
beam cone. This means that if the beam is emitted 
by a point source, the plane defined by surface 25 
intersects axis 4 at the source site. In case the 
source is extended, the plane is tangential to it. 

Fig. 4 shows from another embodiment one 
jaw 13' in a side view. This jaw differs from the 
jaws of the previous figures in that its inner part 26' 
has a slightly modified shape and is fixed dif- 
ferently to its outer part 18. As can be seen from 
Fig. 4, the cross-section of inner part 26' is again a 
part of a circular area, the missing segment is. 
however, smaller than the remaining area. Further- 
more, inner part 26' is fastened to outer part 18 by 
angular arms (arm 77 is shown) rather than springs. 
At each side adjacent to the guiding rod, there is 
provided one arm mounted at one of its ends on 
outer part 18 and projecting with its other end 
which is hooked, into a hole of inner part 26' 
coaxial with rotational axis 69'. This suspension 
mechanism, which also affords focused jaws, is 
especially fail safe and therefore preferable in 
medical applications. 

Having thus described the invention with par- 
ticular reference to preferred forms thereof, it will 
be obvious to those skilled in the art to which the 
invention pertains, after understanding the inven- 
tion, that various changes and modifications may 
be made therein without departing from the spirit 
and scope of the invention as defined by the 
claims appended hereto. So. the collimator may 
confine other high energy beams rather than e- 
beams, e.g. x-ray radiation. Furthermore, it is not 
always necessary to provide all jaws of the collima- 
tor with tiitable inner surfaces. 
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Claims 

1. A collimator for adjusting the shape of an 
area irradiated by a high energy beam which is 
5 emitted along a beam axis, comprising: 

(a) a first pair of jaws disposed on opposite 
sides of the beam axis in a first plane substantially 
perpendicular to the beam axis; 

(b) a second pair of jaws disposed on op- 
10 posite sides of the beam axis in a second plane 

substantially perpendicular to the beam axis, 
wherein each jaw comprises {c1) an outer part and 
(c2) an inner part attached to the outer part rotably 
around an axis spaced from and normal to the 
75 beam axis and having a plane surface which forms 
a predetermined angle with the beam axis and 
defines a sidewal! of a passageway for the high 
energy beam; 

20 (d) means for shifting each jaw transversely 

to the beam axis; and 

(e) means for rotating the inner part of each 
jaw and thereby varying the predetermined angle. 

2. A collimator according to claim 1, wherein 
25 the shifting means is synchronized with the rotating 

means so that each sidewall defines a plane which 
in all transverse jaw positions intersects the beam 
axis at a substantially identical location. 

3. A collimator according to claim 1, wherein 
30 the inner part of each jaw is shaped as a partial 

cylinder with a chordal plane defining said sidewall. 

4. A collimator according to claim 3, wherein 
the partial cylinder is a semi-cylinder. 

5. A collimator according to claim 1, wherein 
35 the inner part is inserted in a recess of the asso- 
ciated outer part. 

6. A collimator according to claim 5, wherein 
the recess of the outer part has a shape which 
mates with the inserted inner part. 

40 7. A collimator according to claim 6, wherein 

the inner and outer parts of each jaw form a plate- 
like solid block. 

8. A collimator according to claim 3, wherein 
the curved perimeter of the partial cylinder covers 

•^5 more than a half circle. 

9. A collimator according to claim 8. wherein 
the inner part is attached to the associated outer 
part by arms having two ends each arm being 
mounted at its one end on the associated outer 

50 part and projecting with its other end into a hole of 
the inner part coaxial to its axis of rotation. 

10. A collimator according to claim 1. wherein 
the rotating means comprises a lever with two 
ends, one end of the lever being eccentrically 

55 attached to the inner part and the other end of the 
lever being guided along a predetermined line. 
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11. A collimator according to claim 10. further 
comprising a frame with lateral walls surrounding 
the jaw pairs, each lateral wail having a slot for 
receiving' the other end of the lever. 

12. A collimator according to claim 1. wherein 5 
the shifting means comprise two pairs of parallel 
guiding rods and wherein each jaw is suspended 
between two guiding rods, opposite jaws shanng 

the guiding rods of guiding rod pairs. 

13. A collimator according to claim 1, wherein /o 
the shifting means compnse a spindle drive for 
each jaw. 

14. A collimator for adjusting the shape of an 
area irradiated by a high energy beam which is 
emitted along a beam axis, compnsing: 

(a) a first pair of jaws disposed on opposite 
sides of the beam axis in a first plane substantially 
perpendicular to the beam axis; 

(b) a second pair of jaws disposed on op- 
posite sides of the beam axis in a second plane 20 
substantially perpendicular to the beam axis, 
wherein at least one of the jaws comprises (c1) an 
outer part and 

(c2) an inner part attached to the outer part rotably 
around an axis spaced from and normal to the 
beam axis and having a plane surface which forms 
a predetermined angle with the beam axis and 
defines a' sidewail of a passageway for the high 
energy beam; 



(d) means for shitting each jaw towards and 
away from the beam axis; and 

(e) means for rotating said inner part of said 
jaw and thereby varying the predetermined angle. 
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FIG 1 
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